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Soil Phosphorus and Its Fractions as
Related to Response of Sugar Cane
to Fertilizer Phosphorus
D. B¥R^^BE,^R.7 AND M. B. Sturgis^
Although chemical procedures for determining ''available" pho
phorus in soils were first proposed approximately a century ago, efforts
to interpret soil phosphorus values in terms of plant responses to ferti-
lizers are still in some cases a difficult undertaking. Because of the key
position of phosphorus as a plant nutrient element and the generally
low level of ''available" or easily-soluble phosphorus in most soils, the
determination of phosphorus continues to be one of the most frequen^^
determinations made in soil analysis.
4^vely tittle information is available in Louisiana on the rela-
tk5nships of soil phosphorus and its fractions to the response of sugar
cane to fertilizer phosphorus. Attem.pts to correlate acid-soluble phos-
phorus with response have met with difficulty. In the older soils the
dilute acids used failed to extract proportionately as much soil phospho-
rus as the crop roots absorbed. The purposes of this study have been to
measure the values of "adsorbed," organic and total phosphorus in the
soils of the sugar cane area of Louisiana. Dilute acid-soluble phosphorus
has been determined by various methods and the results evaluated in
relation to the growth of sugar cane. A final purpose has been to select
or develop a chemical method for the determination of easily-soluble
or ^'available" phosphorus which would better characterize the amount
of soil phosphorus which could be used by the crop or that could be
correlated with yield. -
_
_
In~tKe pastj'Tnumber of investigators (10,26)" have advocated
the use of weak acids, such as citric or acetic, as extracting solutions
for the determination of "available" or easily-soluble phosphorus in
soils. Other workers (2,16,17,18,29,34) have used solutions of highly
ionized acids, such as hydrochloric, nitric and sulfuric, as solvents for
assessing the phosphorus needs of soils. Similarly, still other investigators
(4,5,6,7,8,33,36,40,42,43) have suggested the use of hydrochloric or
^ Assistant Agronomist and Head, Department of Agronomy, respectively. The
authors are indebted to J. G. Kowalczuk, Assistant Chemist, Louisiana Agricultural
Experiment Station, for the total phosphorus analyses appearing in Table 1.
- Figures in parentheses refer to Literature Cited, pp. 28-30.
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sulfuric acid in combination with other extractants for dissolving that
portion of the soil phosphorus most closely correlated with plant absorp-
tion. Metson (25), Nelson et al. (28) and Peech (3 2) have thoroughly
reviewed the literature on the subject, and the reader is referred to these
references for a more complete and thorough discussion.
In recent years much has been written stressing the fact that
''available" soil phosphorus occurred in more than one form. Bray and
Kurtz (7) found, with untreated Corn Belt soils, that below pH 6
''adsorbed" forms of phosphate were relatively more abundant than at
higher pH values; moreover, added soluble phosphates changed into
these forms, whereas added acid-soluble forms, such as rock phosphate,
were generally dissolved and also increased the "adsorbed" forms. Above
pH 6 the trend was just the opposite, the acid-soluble forms being
more stable. Kurtz et al. (20) found the "replacing" ability of anions
for "adsorbed" or "sorbed" phosphorus to be in the increasing order:
chloride, sulfate, thiocyanate, acetate, borate, bicarbonate, citrate, oxa-
late, fluoride. Consequently, in view of the high efficiency of the fluo-
ride ion in dissoving phosphorus, Bray (7) suggested the use of am-
monium fluoride together with hydrochloric acid as an extractant of
soil phosphorus. Smith and Cook (3 8) correlated growth response of
wheat with chemically measured "available" phosphorus on several
Michigan soils. They found that it was apparently necessary to remove
"adsorbed P" by extractants containing fluoride to obtain a successful
chemical measure of "available P".
It has long been recognized that significant proportions of the
total soil phosphorus occur in organic combination. Investigators (3,
9,31) have shown that the organic phosphorus fraction amounts in
some cases to more than half of the total phosphorus in the surface six
inches. Eid et al. (12) found that, at a soil temperature of 20°C.
availability of soil phosphorus to plants depended on a fraction of the
inorganic phosphorus. At a temperature of 3 5°C., however, the avail-
ability depended on a fraction of organic phosphorus. Thompson et al.
(39) showed that the amounts of organic phosphorus mineralized dur-
ing incubation at 40°C. ranged from — 4 to 45 ppm. These results
constitute circumstantial evidence for the importance of organic phos-
phorus as a source of phosphorus in plant nutrition.
Some information is available on the range in phosphorus contents
of the various soils in the sugar cane area of Louisiana. Holnies (17)
used chemical methods as a means of evaluating the fertility level of
cane soils. From a comparison of the results of chemical methods with
crop responses to added fertilizers, Reed and Sturgis (34) assigned
4:
values below which plant food deficiencies were indicated and at which
responses would be expected from application of fertilizers.
EXPERIMENTAL
Soils and Soil Material
The soils of the sugar cane area are relatively immature. The geo-
logically older soils are on the Pleistocene Mississippi terraces. The Rich-
land and Olivier series are representative of this area. Soils of the Jean-
erette and Iberia series, which are geologically younger and more fertile,
were developed from slack-water deposits and occur on low-lying stream
terraces probably formed by the Mississippi River and its distributaries
in the late Pleistocene or the early Recent. The Cypremort, Patoutville
and Baldwin series also occur on stream terraces probably formed by
the Mississippi River and its distributaries in the late Pleistocene or the
early Recent, but the sediments from which the soils were derived show
indications that they have been reworked.
A greater percentage of sugar cane is grown on the more fertile
Recent alluvial soils of the Mississippi and Red River bottoms. The
Commerce and Mhoon series are alluvial soils derived from Mississippi
alluvium and are found in the Mississippi River flood plain from south-
ern Missouri to southern Louisiana. The Yahola series are reddish cal-
careous alluvial soils with sandy subsoils that occur in the flood plain
of the Red River and its distributaries. Detailed descriptions of the soil
types studied are given in Soil Survey Reports, Division of Soil Survey,
Bureau of Plant Industry, Soils and Agricultural Engineering, U.S.D.A.
The response of sugar cane to additions of fertilizer phosphorus
was obtained from field experiments which were conducted on repre-
sentative soil types in the sugar cane area of Louisiana. The trials were
conducted over a period of 4 years. The treatments were placed in
randomized blocks and replicated. The plot size chosen at each location
was approximately 0.1 acre, which was sufficient to yield at least a
sling of cane. Fertilizers were mixed from ammonium nitrate, 20 per
cent superphosphate and 60 per cent muriate of potash. The fertilizers
were applied in the off-bar furrow. The treatments on plant and stubble
cane were as shown on Page 6. Three rates of nitrogen were applied to
both plant and stubble cane, but lower rates were used on plant than on
stubble cane. One rate of P2O5 and one rate of K^O were used for both
plant and stubble cane. The response of sugar cane to fertilizer phos-
phorus was measured by the increase in yield of N-P-K treatments over
the yield received from N-K treatments.
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tcrfilizcf Trcahjicnfs Used in the Field Experiments
Pounds per acre Pounds per acre
N-P.O.,-K,0, applied N-P20.,-K,0, applied
to plant cane to stubble cane
0-0-0 0-0-0
40-0-0 80-0-0
40-0-60 80-0-60
40-40-60 80-40-60
60-0-0 100-0-0
60-0-60 100-0-60
60-40-60 100-40-60
80-0-0 120-0-0
80-0-60 120-0-60
80-40-60 120-40-60
Samples of the A and B horizons at 32 locations in sugar cane
fields where fertility studies were being conducted were taken for
analysis. All samples were air dried, pulverized and passed through a
2 mm. sieve. Gravels and concretions larger than 2 mmi. in diameter
were discarded. Moisture in the air-dry sample was determined and
all calculations were made to the oven-dry weight basis.
Evaluation of Various Methods
The extraction and determination by means of commercial **kits"
were tried. The Morgan (26) "Universal" system and the LaMotte sys-
tem, though widely used in other regions of the United States, did not
extract measurable quantities of phosphorus from high phosphorus-
fixing soils of the Pleistocene Mississippi terraces. The extraction of
phosphorus by the Truog (40) laboratory procedure was also attempted.
Although more usable, in that phosphorus values from the Recent
alluvial soils could be, in some measure, correlated with crop yields,
this method failed to extract proportionately as much soil phosphorus
as the crop roots absorbed from the Pleistocene terrace soils.
Various workers have expressed a preference for 0.1 N hydrochloric
or 0.1 N sulfuric acid as extracting solutions for the estimation of
phosphate availability on soils of known fertilizer treatment and crop
performance. Weeks and Karraker (42), Nelson et al. (28) and Metson
(25) have thoroughly reviewed the literature on the subject. Reed and
Sturgis (34) used 0.05 N hydrochloric acid as extractant with some
degree of success in the sugar cane area of Louisiana. The ratio of soil
to extracting solution used was 1:100. While these extracting solutions
appeared to have some promise, results indicated that the phosphorus
values received from high phosphorus-fixing soils were too low to be
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correlated with crop response to added fertilizer phosphorus. Further-
more, there were indications that the phosphorus values received from
the Recent alluvial soils tended to be higher than they should be for
correlation with field responses, particularly when a wide soil to ex-
tractant ratio was used.
Development and Evaluation of New Method
A further search for a suitable extractant showed that the pro-
cedures of Bray and his associates (6,7,8) might be of much value.
The ''adsorbed" and combined ''adsorbed" and acid-soluble, phosphorus
procedures of Bray and Dickman (6,8) gave values on Pleistocene
terrace soils which could be more easily correlated with crop response
than any of the other procedures tried. By further investigation of the
Bray methods (7), it was found that the 0.1 N HCl plus 0.5 N NH4F
solution, Bray 4 procedure, gave results with the Pleistocene terrace
soils which indicated that more soil phosphorus was being extracted
than the crop roots absorbed. Further, it vvas found that the Bray 2A
procedure (7), 0.1 N HCl + 0.03 N NH4F, when used at a soil to
extracting solution ratio of 1:7, did not dissolve the difficultly extract-
able or "adsorbed" phosphorus with as great efficiency as did the Bray
4 procedure (7) or the Bray combined "adsorbed" and acid-soluble
procedures (6,8). When the higher concentrations of fluoride are used,
the fluoride ion must be removed before the molybdenum blue color
can be developed unless the final solution is diluted to less than 0.03
N in F~. In order to avoid this difficulty, the decision was made to me
an extractant consisting of 0.1 N HCl and 0.03 N NH,F, to vary the
ratio of soil to extracting solution from 1:10 to 1:100 and to vary the
shaking time from 5 minutes to 30 minutes, and then to select, from
these variations, a soil: solution ratio which, when combined v/ith a
shaking time of sufficient duration, would approximately duplicate the
the phosphorus extraction of the 0.1 N HCl plus 0.5 N NH4F.
Samples of the A and B horizons of a Fvichland silt loam, Olivier
silt loam, Commerce very fine sandy loam and Mhoon silt loam were
chosen for this study. These soils represent extreme variations among
the soils to be studied. The Commerce and Mhoon series represent soils
from which phosphorus is easily extractable. The Richland and Olivier
series represent soils from which phosphorus is extracted with more
difficulty and soils which are relatively high in their abilities to fix
phosphorus. Portions of the results of this study are shown in Figures
1 and 2. The amounts of phosphorus extracted from the Commerce
and Mhoon soils by the 1:10, 1:25 and 1:40 soihsolution ratios indi-
cate that one is extracting the same form or forms of phosphorus.
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Soii:Extracting Solution Ratios
(Shaking Time, 20 min.)
Figure 1.—Effect of soil:extrocHng solution ratio on the phosphorus dissolved with
the proposed method.
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It is thought these forms arc largely the easily acid-soluble or calcium
phosphates. The 1:50, 1:60 and 1:80 soil: solution ratios seem to be
extracting additionally different forms. These forms are possibly iron
phosphates, aluminum phosphates, complex silico-phosphates and pri-
mary phosphorus minerals. Since these phosphorus containing com-
pounds are only slightly soluble, their solubilities can be exceeded very
easily and their formation may cause fixation of phosphorus during
extraction unless either the extracting solution is sufficiently strongly
buffered or the ratio of soil to extracting solution is wide enough to
prevent it. At the above soil: solution ratios, there are evidences of
possible re-fixation of phosphorus during the extraction. As the ratio
of soil to extracting solution was widened from 1:80 to 1:100, appar-
ently the soil: solution ratio became wide enough to prevent re-fixation
of phosphorus during extraction. The amounts of phosphorus extracted
from the Richland and Olivier soils, on the other hand, give indica-
tions that most of the inorganic phosphorus occurs as the more diffi-
cultly soluble or ''adsorbed" forms of phosphorus. These forms are
thought to be iron and aluminum phosphates, phosphates bound or ad-
sorbed on the surfaces of hydrated iron and aluminum oxides and phos-
phates adsorbed on clay surfaces. A 1:40 soil: solution ratio, if shaken
for 15 to 20 minutes, seemed to consistently give the best results with
the Commerce and Mhoon soils, whereas a 1:60 soihsolution ratio, if
shaken for the same period of time, seemed to consistently extract
larger amounts of the more difficultly soluble or ''adsorbed" phosphorus
from soils relatively low in easily soluble phosphorus. The Bray extract-
ing solution, 0.1 N in HCl and 0.03 N in NH4F, used at a ratio of 1
part of soil to 50 parts of extractant and shaken for 20 minutes was
selected as the method of extraction which better characterizes the
amounts of soil phosphorus that could be more closely correlated with
plant absorption on soils of both the Recent alluvial and Pleistocene
Mississippi terrace areas.
The usual method (41) for the colorimetric determination of
phosphorus is subject to interference from soluble ferric iron, silicates
and arsenates. Serious interference is not expected from arsenic since
it is usually not present in soil material in an appreciable amount.
Soluble ferric iron and silicates may cause serious errors unless time
consuming steps are taken to combat their interference. A review of
literature revealed several promising procedures which might overcome
the harmful effects of soluble ferric iron and silicates. The procedure
of Farber and Youngburg (14), which is a modification of both the
Truog and Meyer (41) and Kuttner and Lichtenstein (21) procedures,
differs from the Truog and Meyer procedure mainly in the final con-
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centrations of H.SO4, ammonium molybdate and stannous chloride.
Acid extracts obtained from extracting soil with a hydrochloric acid
extracting agent contain large quantities of chlorides which are known
to interfere with maximum color development and to cause earlier
fading of color. This is especially true when the sulfate containing
reagents of Truog and Meyer and Farber and Youngburg are used.
For a given quantity of phosphorus the Farber and Youngburg method
produces a slightly deeper color and fading is slightly less rapid than
with the Truog and Meyer procedure. The ability of this method of
color development to overcome the harmful effects of soluble ferric
iron and silicates was less than expected; consequently, the procedure
of Farber and Youngburg, though definitely an improvement over
that of Truog and Meyer, was rejected.
The hydrazine sulfate procedure of Muir (27) was tried next.
In this procedure, phosphorus was determined by the blue color formed
with sodium molybdate in acid solution and aqueous hydrazine sulfate.
Interference from soluble silicates was controlled effectively by use of
tartaric acid. The color is stable for at least 24 hours. Unfortunately,
this method is not sufficiently sensitive for use on soil extracts possess-
ing low concentrations of phosphorus.
The isobutyl alcohol method of Martin and Doty (22) v/as then
studied. The procedure was long and tedious and was abandoned after
it was discovered that known quantities of inorganic phosphorus added
to extracts of some soils could not be completely recovered.
In a continuation of these studies the Parks et al. (30) adaptation
of the 1,2,4-aminonaphtholsulfonic acid procedure of Fiske and Sub-
barow (15), was tried. As was the case with the aforementioned hydra-
zine sulfate procedure for the development of the reduced phospho-
molybdate blue color, this method was not adequately sensitive for use
with extracts possessing low concentrations of phosphorus.
The procedure of Bray and his co-workers (6,7,8) had been used
with much more success, but there was still some difficulty, though not
quite as bothersome as with some of the procedures discussed, from in-
terference of soluble ferric iron and silicates. Finally, the procedure of
Mehta et al. (24), which differs from the Bray procedure mainly in
the increased quantity of stannous chloride, was tried with excellent
results. The stannous chloride concentration used in this procedure
permits the determination of phosphorus in the presence of the con-
centrations of iron and silica brought into solution. The concentration
of stannous chloride can either be increased or decreased to suit the
need, provided that a sufficient excess is present and that a calibration
curve is prepared with the particular concentration used.
U
Method Proposed
Because of the difficulties involved in the use of existing proce-
dures, it seemed desirable to develop a different method which would
dissolve a larger proportion of the more difficultly extractable phos-
phorus from the Pleistocene terrace soils. A modified method for ex-
tracting "available" or easily-soluble phosphorus is proposed. Except
for modifications, this procedure is identical with the Bray 2A method
(7) for extracting the combined "adsorbed" and acid-soluble phos-
phorus fractions. Soil was extracted for 20 minutes with 0.1 N hydro-
chloric acid plus 0.03 N ammonium fluoride in a ratio of 1 part of
soil to 5 0 parts of extracting solution. The suspension was filtered.
Aliquots were taken and the molybdenum blue color developed ac-
cording to Mehta et al. (24).
Chemical Procedure
Total phosphorus was determined by the procedure outlined by
Robinson (35) which was modified to use the Beckman Model DU
Spectrophotometer for the colorimetric determination of phosphorus.
Organic phosphorus was determined by the procedure of Mehta et al.
(24). Soil pH was determined with the glass electrode assembly using
a soil to water ratio of 1:1. Total nitrogen was determined by the
Gunning-Hibbard method modified to use boric acid for absorption
of the ammonia as suggested by Meeker and Wagner (23). Total
carbon was determined by the method recommended by A. O. A. C.
( 1 ) . Inorganic carbon was determined by the method of Erickson et al.
(13). At pH values of 6.5 and above, the differences between the
value found for total carbon and the value found for carbonates was
taken as a measure of organic carbon. For those soils with pH values
below 6.5, the value found for total carbon was taken as a measure of
organic carbon.
Easily-soluble or "available" phosphorus was extracted by various
methods. The ammonium fluoride and ammonium fluoride with acid
extractions of the phosphorus fractions were accomplished by the
procedures outlined by Bray and Dickman (6,8) modified to eliminate
fluoride interference in the molybdenum blue reaction as suggested
by Kutrz (19). Phosphorus was also extracted by Truog's laboratory
method (40) and included for comparison with other methods. For
additional comparisons, the soils were extracted with 0.1 N sulfuric
acid and 0.1 N hydrochloric acid, in each case using a ratio of 1 part of
soil to 100 parts of extracting solution. The procedure of Truog and
Meyer (41) was used for the colorimetric determination of phosphorus
12
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in the 0.1 N sulfuric acid extracts, whereas the procedure of Mehta et al.
(24) was used for developing the molybdenum blue color in the 0.1 N
hydrochloric acid extracts. Except as indicated, phosphorus in aliquots
of the soil extracts was determined colorimetrically by use of the Fisher
colorimeter fitted with a 650 millimicron filter. Where the extracts or
diluted aliquots in which phosphorus was to be determined were
colored, the Dyer and Wrenshall (11) modification was employed.
The "available" or easily-soluble phosphorus extracted from a wide
range of soils by the method proposed and the other chemical methods
referred to above was compared to the response of sugar cane to fer-
tilizer phosphorus measured in field experiments.
RESULTS AND DISCUSSION
Total phosphorus, organic phosphorus and other related properties
for the representative soils studied are shov/n by data in Table 1. Total
phosphorus varies from 283 ppm. of P in the Patoutville silt loam, a
Pleistocene terrace soil, to 83 3 ppm. of P in the Mhoon silty clay loam,
a Recent alluvial soil. Organic phosphorus varies from 10 ppm. of P
in the Jeanerette loam to 422 ppm. of P in Mhoon silt loam. The organic
phosphorus fraction amounts to as little as 2 per cent of the phosphorus
in Jeanerette loam and as much as 5 5 per cent in Mhoon; silt loam. In
soils low in total phosphorus, organic phosphorus amounts to a relatively
higher percentage of the phosphorus, but the organic phosphorus frac-
tion apparently contributes relatively little available phosphorus. The
combined easily-soluble and "adsorbed" phosphorus values obtained by
the proposed method are also included in this table for comparative
purposes. From soils of the Recent alluvial area, samples 1-10, this
method extracted approximately 40-66 per cent of the total phos-
phorus, while 6-48 per cent of the total phosphorus was extracted from
soils of the Pleistocene Mississippi terrace area, samples 11-32.
The
Cypremort, Baldwin, Jeanerette and Iberia series of soils have been in-
cluded in this group; however, they are intermediate in development
betw^een more representative Pleistocene Mississippi terrace soils such as
Lintonia, Richland and Olivier and the Recent alluvial soils of the
Yahola, Commerce and Mhoon series.
Per cent total nitrogen, per cent organic carbon and pH are other
related characteristics of the soils also given in Table 1. In the A
horizons of the soils the organic phosphorus content was associated with
the content of total nitrogen, the content of organic carbon and the
pH. as indicated by the equations
P= 58 + 0.205 1N — 21.6pH [1]
P:^ 138 j 0.0164C-— 29.9pH [2]
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where P = ppm. organic phosphorus, N = ppm. total nitrogen and
C= ppm. organic carbon. The equations show that organic phosphorus
was associated positively with total nitrogen and organic carbon. All
regression coefficients were significant.
The ratios of total nitrogen and organic carbon to organic phos-
phorus were associated positively with pH. The equations expressing
these relationships are
N/P= 284— 98pH+ 8.6(pH)"^ [3]
C/P= 3364— 1162pH^- 102.5 (pH)' [4]
All regression coefficients were highly significant.
The regressions of total nitrogen and organic carbon on organic
phosphorus are indicated by the equations
N= 1.67P+ 792 [5]
C = 18.88P+ 8397 [6]
All regression coefficients were highly significant.
Table 2 gives the amounts of easily-soluble or ''available" phos-
phorus extracted from these same soils by various methods and the
responses of sugar cane to fertilizer phosphorus. It is apparent from the
data presented here that the Recent alluvial soils, of the Yahola, Com-
merce and Mhoon series, are soils from which phosphorus is easily ex-
tractable. Soils in these series are high yielding and give little response
to added fertilizer phosphorus. The Pleistocene Mississippi terrace soils,
on the other hand, are soils from which phosphorus is extracted with
more difficulty. These soils, which are relatively low in available phos-
phorus, would be expected to respond to applications of fertilizer
phosphorus. The ''adsorbed" phosphorus fraction in the terrace soils
should be taken into account in assessing the level of "available" phos-
phorus and in determining the probability of response of a soil to fer-
tilizer phosphorus. "Adsorbed" phosphorus is of particular importance
in evaluating the "available" phosphorus in soils of the Richland,
Olivier, Patoutville and Baldwin series. It is of much less importance
in estimating the "available" phosphorus in the alluvial soils of the
Yahola, Commerce and Mhoon series. As indicated in Table 2, responses
to the application of fertilizer phosphorus to sugar cane can be ex-
pected if the soil tests show less than 100 ppm. of P by the Bray com-
bined "adsorbed" and acid-soluble metliod, less than 5 0 ppm, of P by
the Truog method, less than 100 ppm_, of P by the 0.1 N hydrochloric
acid method or less than 75 ppm.. of P by the proposed modified method.
Laboratory methods can be expected to give no more than rela-
tive indications of the phosphorus status, and their practical use as a
basis for successful fertilizer recommendations depends very largely on
17
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the degree or extent of their caUbration or correlation with crop re-
sponse to added fertiUzer. Not over 15 to 20 per cent of the ''available"
phosphorus as shown by the newly proposed method can be absorbed
by a sugar cane crop.
Data in Table 2 show that 0.1 N hydrochloric acid extracted more
phosphorus than did 0.1 N sulfuric acid. The explanation for the ap-
parent slightly superior ability of hydrochloric acid as an extracting
solution for soil phosphorus in this case may be due to the method of
color development. The procedure of Mehta et al. (24) which was used
in determining phosphorus as the reduced phosphomolybdate in the
hydrochloric extracts was more efficient in combating the harmful ef-
fects of soluble ferric iron and silica than was the Truog (41) proce-
dure which was used for developing color in the sulfuric extracts.
The increases in yield due to applied fertilizer phosphorus as shown
in Table 2 for all soils studied are presented graphically in Figure 3. In
this figure, the response of sugar cane in tons of cane per acre due to
applications of fertilizer phosphorus is correlated with pounds of ''avail-
able" phosphorus per acre as determined by the proposed method.
Similar types of curves were obtained from results of the 0.1 N HCl,
0.1 N H2SO4, the Truog laboratory and Bray combined "adsorbed" and
acid-soluble procedures. These curves are presented in Figures 4 through
7. The coefficients of simple linear correlation (r) between the "avail-
able" phosphorus values (X) obtained by the different methods and
the response of sugar cane to fertilizer phosphorus (Y) were calculated.
These coefficients are given in Table 3 and are all statistically highly
significant. However, the r value showing the simple linear correlation
between "available" phosphorus by the newly proposed method and
response to fertilizer phosphorus is highest in significance. It is obvious
from Figures 3 through 7 that the variates are not so simply associated.
Instead of being straight lines the phosphorus response curves appeared
to be of the diminishing yield type. By using Snedecor*s (37) curvilinear
regression approach, the multiple regression equations were calculated
for all chemical proceduxes^-ttsedr-iii Jthe comparisons. These are also
shown injEaye^^nd conform to the second degree polynominal type,
:Y= a— h log Xi + rXg, where Y is the response of sugar cane in
tons of cane per acre due to applications of superphosphate, a, b and c
are constants, log Xi is the common logarithm of the "av^lable" phos-
phortis value and XI is the square of log Xi. This equatioA was found
\^to fit the data much more closely than does the Jmear equation,
Y= a— bX, where X is the-"av^ailahlelL4jhos_pliarrts^^ in ppm. The
magnitudes of the regression coefficients indicate a very high statistical
22
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Figure 3.—Relationship between "available" phosphorus extracted with the pro-
posed method and response of sugar cane to fertilizer phosphorus.
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Figure 5.—Relationship between "ovailoble" phosphorus extracted with 0.1 N
H.,S04 and response of sugar cone to fertilizer phosphorus.
0 50 100 200 300 400 500 600 700 780
"Available" P, Pounds /A.
Figure 6.—Relationship between "ovailoble" phosphorus extracted with Truog's
laboratory method and response of sugor cane to fertilizer phosphorus.
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Figure 7.—Relationship between "evcilable" phosphorus extror.sd wi*^h Bray com-
bined "adsorbed" and acid-solubis procedure and response of su^ar cane
to fertilizer phosphorus.
significance for the relationships. It is interesting to observe the effect
of curviHnearity of regression on the correlations. In every instance
the coefficients of multiple correlation (21) were larger than the cor-
responding correlation coefficients (r) found for the linear relationship.
Again using the procedures of Snedecor (37), it was found that the
departure from linearity to curviHnearity of regression was highly sig-
nificant in each instance.
The same approach was used with the data obtained from Pleisto-
cene Mississippi terrace soils, samples 11-32. The results of the analysis
are presented in Table 4. Very highly significant correlations were
found. In every case the relationship Y= a— h log Xi + cX^ gave
a significantly higher index of correlation than did the correlation co-
efficient found for the linear relationship, Y = a — hX. Both the
correlation coefficient (r) and the coefficient of multiple correlation
{R) were higher with the results obtained from the newly proposed
chemical procedure.
In a number of instances there was little difference between the
correlation coefficients found for the various chemical methods. When
all the soils in the investigation were considered, taking fully into ac-
25
3 ^
(N oo oo 00
oo
K
ir\
OS
oo
oo
l\
00 oo oo
d d d d d
+ + + + +
*. ^
SI
II
X >< X X
fN O O --I
+ + + +
x" x"
o
+
u u
^ z
X
W3 6C
o
t\
\o SO
SO ON \r\
ir\ U~\
so
1 11 1
o
1
SO K oo
ON so K SO
oo ON ON
K SO SO r\
(N
II II 11 II II
>^ >^
I I I I I
o
£^
4-' »-
o
»- o
ok u
o
C Oi
.2 3
"3 "2
E
=
o
o
4. I—
C V
O W «fl
O 2 «
o. Q.
^- £
o » o
U U M
o c
2 «.
O V 33 >*- i:
.2 J
o
* M
^ >
is
.i- o
o ^
4-> —H rj
:5
O O
o o
ON oo oo oo
d d d d
+ + + +
C-l (M M C^l IM
X X X X
1^ (S) i/^
rr» O oo 00
K K ^ ^
X
3
.2 c
=1
O
u
T^- oo
<N CM
oo
+ +
x" x"
I—I (N r<->
oo 1—I r<^
K ^ <^
oo O
1^ ON ON
K SO ITN
II II II
>^ >^ >^
MM
X
z z
I I I
rt
26
count the practical evaluation as well as the statistical evaluation of
each method used for comparison, the proposed method employing
HCl and NH4F as an extractant and employing the procedure of
Mehta et al. (24) as the means of color development showed the closest
relationship with crop response.
SUMMARY
Total, organic and "adsorbed" phosphorus were determined in
soils of the sugar cane area of Louisiana. Easily-soluble or dilute acid-
soluble phosphorus was determined by various methods and the results
evaluated in relation to the growth of sugar cane.
A relatively higher percentage of the phosphorus is in organic
forms in soils low in total phosphorus, but the organic fraction ap-
parently supplies relatively little available phosphorus.
In soils of the Richland, Olivier, Patoutville and Baldwin series,
developed on Pleistocene terraces, the "adsorbed" phosphorus should
be trken into account in assessing the level of "available" phosphorus
and jn determining the probability of response of the soil to fertilizer
phosphorus. "Adsorbed" phosphorus is of less importance in estimating
"available" phosphorus in the Recent alluvial soils.
A chemical method for determining easily-soluble and "adsorbed"
phosphorus was modified and further developed. The dilute acid-soluble
and "adsorbed" phosphorus by this method has been termed "available,"
and it was more closely correlated with the absorption of phosphorus
by the crop than was phosphorus extracted by the simpler dilute acid-
soluble methods.
Responses to the application of fertilizer phosphorus to sugar cane
can be expected if the "available" phosphorus values are less than 100
ppm. of P by the Bray combined "adsorbed" and acid-soluble method,
less than 50 ppm. of P by the Truog method, less than 100 ppm. of P
by the 0.1 N hydrochloric acid method or less than 75 ppm. of P by
the proposed modified method.
Laboratory methods can be expected to give no m_ore than relative
indications of the phosphorus status of soils, and their practical use as
a basis for successful fertilizer recommendations depends very largely
on the degree or extent of their calibration or correlation with crop
response to added fertilizer. Not over 20 per cent of the "available"
phosphorus as shown by the newly proposed method can be absorbed
by a sugar cane crop.
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